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responsibility of InAbstract Ilex is a botanical source for various health-promoting and pharmaceutically active
compounds that have been used in traditional Chinese medicine and food for thousands of years.
Increasing interest in Ilex pharmaceutical and food resources has led to additional discoveries of
terpenoids, saponins, polyphenols (especially ﬂavonoids), glycosides, and many other compounds in
various Ilex species, and to investigation of their chemotaxonomy, molecular phylogeny and pharmacol-
ogy. In continuation of our studies on Ilex pharmacology and phylogeny, we review the phytochemistry,
chemotaxonomy, molecular biology and phylogeny of Ilex species and their relevance to health-promotion
and therapeutic efﬁcacy. The similarity and dissimilarity between Ilex paraguariensis, the source plant of
mate tea, and the source plants of large-leaved Kudingcha (e.g., Ilex kudingcha and Ilex latifolia) are
discussed. It is essential to utilize emerging technologies in non-Camellia tea studies to promote the
sustainable utilization of Ilex resources and the identiﬁcation and development of novel compounds with
potential health and clinical utility. Systems biology and ‘‘-omics’’ technologies will play an increasingly
important role in pharmaceutical and food research on the bioactive compounds of Ilex species.
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Research progress of Ilex pharmaceutical resources 91. Introduction
Ilex, whose common name is holly, is the only living genus
of almost 600 species in the family Aquifoliaceae1. The
species are evergreen and deciduous trees, shrubs and
climbers from tropics to temperate regions worldwide.
Various Ilex species are utilized by worldwide ethnic
groups to make non-Camellia tea drinks for daily con-
sumption and health promotion2. Mate tea from I. para-
guariensis originated from the southern part of South
America (Brazil, Argentina, Uruguay and Paraguay) and
is now a popular health-promoting drink in western
countries3. Large-leaved Kudingcha (bitter spikeleaf tea)
is made from I. kudingcha and I. latifolia and has been
consumed as a functional food in southern China for about
2000 years2 (Table 1). Various compounds have been
isolated from Ilex plants since the 1980’s, and their
chemistry and pharmacology has been reported2,4. Poly-Table 1 Traditional use of green tea and four kinds of non-Cam
Name Original
region
Use
history
Main application re
Camellia sinensis
(green tea)
South of the
Yang Tze
River, China
Around
3000
years
Worldwide, raw ma
drink, food, cosmet
health care product
Ilex paraguariensis
(Mate tea)
South
America
300–400
Years
drink and health ca
products in Americ
and Asia
I. latifolia, I. kudingcha
(large-leaved
Kudingcha)
South of the
Yang Tze
River, China
Around
2000
Years
Tea drink in China
southeast Asia
Ligustrum robustum
(L. purpurascens,
small-leaved
Kudingcha)
Southwest
China
Since
ancient
times
Tea drink and heal
products in China a
southeast Asia
Litsea coreana
(eagle tea)
Guizhou,
Sichuan Of
China
Since
ancient
times
Southwest China
Table 2 Polyphenol constituents of green tea, mate tea and larg
Name Total polyphenol
Green tea 30%
Mate tea More abundant than green tea 178.32 mg
spray-dried extract
Large-leaved Kudingcha 2–6%
Small-leaved Kudingcha 20–30%
Eagle tea 430%
Modiﬁed from Ref. 2. NR: not reported.phenol constituents of green tea, mate tea and large-leaved
Kudingcha are listed in Table 2. Studies on the chemotax-
onomy and molecular phylogeny have been carried out to
facilitate further conservation and exploitation of Ilex
pharmaceutical and food resources1,5. In this brief review,
we summarize the recent progress in phytochemical and
biological research of Ilex plants.2. Molecular taxonomy, molecular phylogeny, and genomics
The evolutionary history and diversiﬁcation of the genus Ilex,
comprised of 108 species, is deduced by analyzing two nuclear
(ITS and nepGS) and three plastid (rbcL, trnL-F and atpB-rbcL)
sequences1. Nuclear and plastid trees are highly dissimilar and
the nuclear tree is more attuned with current taxonomic
classiﬁcations. Many Chinese species, including Ilex cornuta, Ilex
zhejiangensis, Ilex integra, Ilex hylonoma, I. latifolia, Ilex pernyiellia teas
gion Traditional use
terials for
ic and
s
Sweet and bitter taste, cool in property, refreshing,
reduce stress and thirst, reduce phlegm, help
digestion, diuresis, detoxify, treat headache, blurred
vision, somnolence, dyspepsia, dysentery
re
a, Europe
Hepatic protection, help digestion, anti-rheumatism,
arthritis and inﬂammation, anti-obesity, hypertension
and hypercholesterolemia
and Sweet and bitter taste, cold, liver meridian, lung
meridian and stomach meridian, heat clearing, relieve
summer-heat, smooth the liver, dispel wind, improve
eyesight, help produce saliva, treat sunstroke and
high fever, headache, toothache, red eye, aphtha,
polydipsia, diarrhea, dysentery, mastitis, relieve
swelling and pain, astringency and hemostasis
th care
nd
Slightly bitter taste, sweet, slightly cold, heat clearing,
detoxifying, stress-reducing, relieve swelling and pain,
anti rheumatism and scald, furuncle and arthralgia
therapy
Detoxify, detumescence, improve eyesight, help
produce saliva, decrease thirst, prevent sunstroke
e-leaved Kudingcha
Caffeine Total ﬂavonoid(%) Total saponin
1–4% 40.4 NR
/g 0.7–2% 41 0.35 g/L
No or trace
(0.228-0.436 mg/g)
9–12 420%
NR 45 –
NR 410 41%
Table 3 Major components of non-Camellia tea and green
tea
Component Green
tea
Mate
tea
Large-leaved
Kudingcha
Caffeine þ þ
Theobromine þ þ
Theophylline þ þ
Chlorogenic acid þ þ
Caffeic acid þ þ
Quinic acid þ þ
Caffeoyl derivative þ þ
Coumaric acid þ
Feruloylquinic acid þ
Gallic acid þ
Caffeoyl shikimic acid þ þ
Gallocatechin gallate þ
Catechin (C) þ þ
Epigallocatechin
(EGC)
þ
Epigallocatechin
gallate (EGCG)
þ
Epicatechin (EC) þ þ
Catechin gallate (CG) þ þ
Epicatechin gallate
(ECG)
þ þ
Gallocatechin gallate
(GCG)
þ
Gallocatechin (GC) þ
Kaempferol þ þ þ
Myricetin þ þ
Quercetin þ þ þ
Rutin þ þ þ
Modiﬁed from Ref. 2.
Dacheng Hao et al.10and Ilex ﬁcoidea, are in the Aquifolium clade. I. latifolia, I. pernyi
and I. ﬁcoidea are closer to I. hylonoma than to I. cornuta, an
adulterant of large-leaved Kudingcha. Ilex pubescens of Rotunda
alliance is closer to Yunnanensis alliance than to Aquifolium.
The Repandae clade includes I. paraguariensis and Ilex
vomitoria, which are basal to the above taxa. I. latifolia
was found to be closer to Ilex liukiuensis than to
I. cornuta6. However, these studies did not include
I. kudingcha and Ilex pentagona. We sequenced 11 chlor-
oplast noncoding regions for ﬁve Ilex species7. I. latifolia,
I. kudingcha, I. cornuta and I. pentagona intermingled in a
cluster and cannot discriminate these species in the chloroplast
phylogenetic tree. I. paraguariensis is basal to these four
Chinese species. The signiﬁcant discrepancy between
nuclear and chloroplast phylogenies might be due to
intraspeciﬁc polymorphism, hybridization and introgres-
sions1. The most recent common ancestor (MRCA) of
extant species is dated from the Miocene, while the fossil
records suggest that the Ilex stem lineage originated in the
late Cretaceous, implying extensive lineage extinctions
between the Cretaceous and Miocene and explaining the
difﬁculties in clarifying the relationships between Ilex and
its closest relatives1. The MRCA ancestral area is in North
America and/or East Asia. Several bidirectional North
America/East Asia and North America/South America
dispersal events are proposed to explain observed geo-
graphic and phylogenetic patterns. Hybridization and
introgression events between distantly related lineages are
inferred, indicating weak reproductive barriers between
Ilex species. This characteristic might be useful in selecting
cultivars with desired pharmaceutical substances. ISSR
(Inter-simple sequence repeat), RAPD (random ampliﬁca-
tion of polymorphic DNA) and AFLP (ampliﬁed fragment
length polymorphism) markers have been used to guide
interspeciﬁc hybridization and germplasm improvement8–10.
Population studies on I. paraguariensis11, Ilex aquifolium12, Ilex
leucoclada13, Ilex canariensis14 and I. cornuta15 reveal very
high population diversity and polymorphism. More studies are
needed at population or species level to ensure a better
characterization of Ilex species.
Representational difference analysis (RDA) was adopted to
screen I. paraguariensis genomes16. The occurrence of sex-
related genomic differences was investigated to develop an
early gender detection molecular method that could reduce
energy requirements during mate tea processing, as well as be
helpful in breeding programs. Fragments isolated in RDA
assays fall into three categories: the ﬁrst category is speciﬁc to
I. paraguariensis; the second category comprises sequences
identiﬁed as organellar or ribosomal plant DNA; the third
category consists of clones representing conserved domains
of retrotransposons (RNaseH, integrases and/or chromodo-
mains), including Ty3/Gypsy retrotransposons and Ty1/
Copia retroelements, which are associated with the sex
determination regions of the Solanaceae, Caricaceae and
Salicaceae families. These sequences could be used in phylo-
genetic analysis and species authentication. RDA and other
powerful methods, such as fosmid genomic library17 and
second generation high throughput sequencing18–20 could be
of great help in gaining insight into Ilex genome structure
and function, as well as regulation of gene expression and
pharmaco-phylogeny.3. Chemical components of the genus Ilex and their biological
activities
3.1. Terpenoids and triterpenoid saponins
Most triterpenoid compounds in medicinal plants are saponin
glycosides with the attachment of various sugar molecules to
the triterpene unit. These sugars can be easily released in the
gut by bacteria, allowing the aglycone (triterpene) to be
absorbed. Terpenoid molecules could insert into cell mem-
branes and modify the composition, inﬂuence membrane
ﬂuidity, and potentially affect signaling by many ligands and
cofactors21. Both large-leaved Kudingcha and mate tea con-
tain abundant saponins2,22,23 (Tables 2 and 3). The newly
discovered saponins and terpenoids are summarized in Figs. 1
and 2 and Tables S1 and S2 (see supplementary component).3.1.1. Anti-inﬂammatory activity
Triterpenoid saponins from Ilex mamillata, endemic in
Yunnan and Guangxi, China, showed inhibitory activities in
an anti-inﬂammatory assay24. The saponin fraction from the
ethanolic extracts of the root of I. pubescens exhibited potent
anti-inﬂammatory effects on carrageenan-induced paw edema
in rats25. A puriﬁed saponin fraction derived from the root of
I. pubescens showed anti-inﬂammatory and analgesic activ-
ities26. The molecular mechanisms might be associated with
inhibition of the elevated expression of cyclooxygenase (COX)-
Research progress of Ilex pharmaceutical resources 112 protein and the overproduction of the proinﬂammatory
cytokines, as well as augmentation of the anti-inﬂammatory
cytokines IL-4 and IL-10 in the carrageenan-injected paw
tissues of rats. Saponins in mate tea and quercetin synergistically
inhibit iNOS and COX-2 in lipopolysaccharide-induced macro-
phages through NFkB pathways27.Figure 1 Triterpenoid saponins of Ilex. (A) oleanolic acid type; (B
kudinone type; (D) kudinchalactone type; (E) kudinlactone type; (F)
12,19-diene-28-oic acid type; (H) 3b-hydroxy-urs-12,19(29)-diene-28-oi
3b,19a-dihydroxy-urs-12-en-28,20-lactone type; (L) ulmoidol type; (M3.1.2. Modulation of lipid metabolism and anti-obesity activity
Triterpenoid saponins from the leaves of I. kudingcha inhibit
aggregated LDL-induced lipid deposition in macrophages28.
The I. kudingcha total saponins may have a signiﬁcant
therapeutic application in hypercholesterolemia and athero-
sclerosis, as they improve abnormal hemorheological para-) ursolic acid type; (C) 3b-hydroxy-12(13),18(19)-diene-20-one-
3b-hydroxy-urs-12,18-diene-28-oic acid type; (G) 3b-hydroxy-urs-
c acid type; (I) ilexgenin B type; (J) heterobetulinic acid type; (K)
) 3b,19a,23-trihydroxy-urs-12,20(30)-dien-28-oic acid type.
Figure 1 Continued.
Dacheng Hao et al.12meters in ApoE/ mice29. Several triterpene saponins and
monoterpene oligoglycosides were found to exhibit potent
inhibitory activities and these compounds appear to be
responsible for the antiobesity activity of mate tea30. Lupeol
and betulin isolated from Ilex macropoda inhibit the activity of
human Acyl-CoA: cholesterol acyltransferase-1 and -2 in a
dose-dependent manner31.3.1.3. Anti-microbial activity
Monodesmosidic triterpenoid saponins, matesaponin-1 (a
bidesmosidic saponin), caffeic and chlorogenic acids, and
rutin, extracted from I. paraguariensis, synergistically inhibited
herpes simplex virus types 1 and 2 replication32. Four
triterpenoid saponins of the ursane type isolated from theleaves of Ilex oblonga showed appreciable inhibitory activity
against tobacco mosaic virus replication33,34. Four triterpe-
noid saponins of I. kudingcha showed antibacterial activities
against Staphylococcus aureus and methicillin-resistant Sta-
phylococcus aureus35.3.1.4. Anti-parasitic activity
Ursolic acid (a pentacyclic triterpene acid) derivatives inhibit
hydrogen peroxide- and glutathione-mediated degradation of
hemin, providing an additional mechanism of action for
antimalarial activity36. Triterpenoid glycosides isolated from
the leaves of Ilex afﬁnis and Ilex buxifolia, two adulterant
species of I. paraguariensis, showed antitrypanosomal activity
in vitro37.
Figure 2 Terpenoids of Ilex. (A) megastigmane type; (B) hemiterpene type.
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Non-hemolytic saponins puriﬁed from Ilex dumosa, Ilex
argentina and I. paraguariensis showed an alum-type adjuvant
effect, i.e., immunostimulating potential38. Hemiterpene glu-
cosides from I. pubescens showed anti-platelet aggregation
activities39. Two acetylated megastigmane glycosides of
I. paraguariensis exhibited HNE inhibitory activity40.
3.2. Polyphenols, ﬂavonoids and phenolic glycosides
Phenolics are broadly distributed in plants and are the most
abundant secondary metabolites. Plant polyphenols have
drawn increasing attention due to their potent antioxidant
properties and their signiﬁcant effects in the prevention of
multiple oxidative stress-associated diseases such as cancer.
The common polyphenol components of Ilex are listed in
Table 3. The newly discovered ﬂavonoids and phenolic glyco-
sides are summarized in Figs. 3 and 4 and Tables S3 and S4
(see supplementary component).
3.2.1. Modulation of lipid metabolism
The polyphenol extract from the dried leaves of I. paraguar-
iensis was the most effective in inhibition of triglyceride
accumulation in 3T3-L1 adipocytes, and rutin (100 mg/mL)
likely accounted for a large portion of this activity41. Addi-
tionally, polyphenol extracts had a modulatory effect on theexpression of genes related to adipogenesis such as PPARg2,
leptin, TNF-a and C/EBPa. Chlorogenic acid protects para-
oxonase 1 activity in high density lipoprotein (HDL) from
inactivation caused by physiological concentrations of hypo-
chlorite in humans42.3.2.2. Anti-oxidant activity
High performance liquid chromatography (HPLC) analysis
showed that 4,5-dicaffeoylquinic acid is the major component
of the phenolic fraction of mate powder43. Among the extracts
prepared with different solvents, the 80% methanol extract
showed the highest total polyphenol content (11.51 g/100 g)
and antioxidant activity. Organic extracts containing phenolic
antioxidants might be used as natural antioxidants by the food
industry, replacing the synthetic phenolic additives currently
used44. Phenolic (e.g., chlorogenic acid) and xanthine com-
pounds (e.g., caffeine) of I. paraguariensis are capable of
preventing hydrogen peroxide-induced red blood cell lysis45.
Caffeoylquinic acid-derived free radicals, identiﬁed by electron
paramagnetic resonance (EPR) spectroscopy during antiox-
idant reactions of bitter tea (I. latifolia and I. kudingcha), have
sufﬁcient stability for biological activity, and contribute
appreciably to the antioxidant chemistry of large-leaved
Kudingcha46. Major phenolics in I. kudingcha and I. cornuta
were mono- and dicaffeoylquinic acids, whereas those in
Ligustrum robustum, i.e., the popular small-leaved Kudingcha
Figure 3 Flavonoids of Ilex. (A) ﬂavanol type; (B) 5,8-quinoﬂavan type; (C) ﬂavanone type.
Figure 4 Phenolic glycosides of Ilex. (A) phenylpropanoid type; (B) 3,4-dihydroxy-benzoic acid type; (C) vanillic acid type; (D)
syringinic acid type.
Dacheng Hao et al.14of southwest China, were phenylethanoid and monoterpenoid
glycosides47. Ilex exhibited signiﬁcantly stronger antioxidant
capacities than Ligustrum. Huazhongilexone-7-O-b-D-gluco-
pyranoside, a novel ﬂavanone from Ilex hainanensis, showed
antioxidant activity48. Two antioxidant phenylacetic acid
derivatives, 2,4-dihydroxyphenylacetic acid and 2,4-dihydrox-
yphenylacetic acid methyl ester were isolated from the seeds of
I. aquifolium49. In most cases, the DPPH spectrophotometric
assay was used for detecting antioxidant activity.3.2.3. Anti-diabetic activity
The leaves of I. kudingcha are used as an ethnomedicine in the
treatment of diabetes mellitus and obesity in China. An
‘‘active components’’ group, consisting of three dicaffeoylqui-
nic acids and three novel triterpenoid saponins, signiﬁcantly
reduced the elevated levels of serum glucose and lipids
in type II diabetic mice50. Litseaefoloside C, a phenolic
glycoside of Ilex litseaefolia, showed inhibitory activities
in vitro for a-glucosidase and lipase51. Dicaffeoylquinic acidsand matesaponins dramatically increased the satiety marker
glucagon-like peptide 1 level and induced anorexic effects in
mice52. Caffeic and chlorogenic acids in I. paraguariensis
extracts are the main inhibitors of advanced glycation end
product generation by methylglyoxal in the model proteins
bovine serum albumin and histones53.3.2.4. Anti-inﬂammatory and anti-cancer activities
3,4,5-Tricaffeoylquinic acid inhibits tumor necrosis factor-a-
stimulated production of inﬂammatory mediators in keratino-
cytes via suppression of Akt- and NF-kB-pathways54. Dicaf-
feoylquinic acids in mate tea inhibit NF-kB nucleus translocation
in macrophages and induce apoptosis by activating caspases-8
and -3 in human colon cancer cells55. Flavonol-rich fractions of
I. vomitoria leaves induce microRNA-146a and have anti-
inﬂammatory and chemopreventive effects in intestinal
myoﬁbroblast CCD-18Co cells56. Epigallocatechin gallate
showed greater cytotoxicity than quercetin and gallic acid
against HepG2 cells57.
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Rutin and caffeoylshikimic acid inhibit the extracellular
glucosyltransferase activity from Streptococcus mutans and
prevent the development of dental caries58. Biologically,
elastase activity signiﬁcantly increases with age, which results
in a reduced skin elasticity and in the appearance of wrinkles
or stretch marks. Dicaffeoylquinic acid derivatives and ﬂavo-
noids of I. paraguariensis exhibited potent human neutrophil
elastase (HNE) inhibitory activity59.
3.3. Purine alkaloids
Stimulant properties of mate tea are attributed to methyl-
xanthines, such as caffeine43. Despite its antioxidant capacity
and well-known health beneﬁts, mate tea has been shown to
possess some genotoxic and mutagenic activities and to
increase the incidence of some types of cancer60. Caffeine is
one of the most abundant compounds found in the dry mass
of mate (Table 2), and it was found that caffeine manifests
more potent cyto- and genotoxic effects that may account, at
least in part, for the detrimental effects observed for mate
extract60. In contrast, large-leaved Kudingcha contains only
trace amount of caffeine while polyphenol and ﬂavonoids are
abundant (Tables 2 and 3).4. Pharmacology of Ilex tea and extracts
4.1. Effects on lipid metabolism and cardiovascular disease
The ingestion of mate tea, independent of dietary intervention,
increased plasma and blood antioxidant protection in patients
with dyslipidemia61. Consumption of mate improves serum
lipid parameters in healthy dyslipidemic subjects and provides
an additional LDL-cholesterol reduction in individuals on
statin therapy62, which may reduce the risk of cardiovascular
diseases. Mate tea inhibits in vitro pancreatic lipase activity
and has a hypolipidemic effect on high-fat diet-induced obese
mice63. Unprocessed mate tea reduces fat more efﬁciently but
produces a greater increase in blood glucose when compared
to commercial mate tea64. Dietary supplementation with
I. latifolia signiﬁcantly decreased plasma total cholesterol levels
and circulating immune complexes and increased HDL choles-
terol in rats fed a high-cholesterol diet65. I. latifolia, similar to C.
sinensis (green tea), could be used as a food supplement to
protect against the development of hypercholesterolemia.
4.2. Anti-diabetic and anti-obesity effects
Mate extract has potent anti-obesity activity in vivo. Addi-
tionally, mate extract had a modulatory effect on the expres-
sion of several genes related to obesity66. I. paraguariensis
extracts inhibit advanced glycation end-product formation
more efﬁciently than green tea67. Mate extract has the ability
to decrease the differentiation of pre-adipocytes and to reduce
the accumulation of lipids in adipocytes, both of which
contribute to a lower growth rate of adipose tissue, lower
body weight gain, and obesity68. Mate tea consumption
improved the glycemic control and lipid proﬁle of type II
diabetes mellitus (T2DM) subjects, and mate tea consumption
combined with nutritional intervention was highly effective indecreasing serum lipid parameters of pre-diabetic individuals,
which may reduce their risk of developing coronary disease69.
Oral administration of mate (100 mg/kg) for seven weeks
induced signiﬁcant decreases in body weight, body mass index,
and food intake in obese diabetic mice70. Mate extract
ameliorates insulin resistance in mice with high fat diet-
induced obesity71. Mate aqueous extract decreases intestinal
SGLT1 (sodium–glucose linked transporter) gene expression
but does not affect other biochemical parameters in alloxan-
diabetic Wistar rats72.
4.3. Antioxidant and anti-inﬂammatory effects
Ethanol extracts of Ilex centrochinensis, an endemic species in
southern China, possess signiﬁcant anti-inﬂammatory and free
radical scavenging activities, whereas those of Ilex ﬁcoidea,
another Chinese species, exhibited a negligible anti-acute
inﬂammatory and a moderate anti-chronic inﬂammatory
activity73. Mate tea possesses potent antioxidant effects
against hydroxyl and superoxide radicals in both chemical
and cell culture systems, as well as DNA-protective proper-
ties74. The daily rectal application of enemas containing an
aqueous extract of I. paraguariensis decreases oxidative tissue
damage in the colon without fecal stream regardless of the
time of irrigation75. After the supplementation period with
mate tea, lipid peroxidation was acutely lowered, an effect that
was maintained after prolonged administration. Total antiox-
idant status and the level of antioxidant enzyme gene expres-
sion were demonstrated after prolonged consumption76.
Regular consumption of mate tea may increase the antiox-
idant defenses of the body by multiple mechanisms. Ingestion
of mate tea increased LDL resistance towards ex vivo copper
oxidation77. The ethanol extract of I. latifolia ameliorated
ischemic injury induced by middle cerebral artery occlusion/
reperfusion in rats, and this neuroprotective effect might be
associated with its anti-apoptotic effect, resulting from anti-
oxidative and anti-inﬂammatory actions78. An Argentinean
Ilex specie, Ilex brevicuspis, has choleretic, intestinal propul-
sion and antioxidant activities, which may lead to the potential
development of a new tea product and/or phytopharmaceu-
tical products, without central nervous system stimulant
activity79.
4.4. Anti-microbial effects
Aqueous extracts of mate have antimicrobial activity against
Escherichia coli O157:H7 and S. aureus80,81. The aqueous
extract of I. paraguariensis (1,000 mg/mL) displays inhibitory
activity against fungus Malassezia furfur82.
4.5. Other effects
Mate consumption is associated with higher bone mineral density
in postmenopausal women83. Acute administration of hydroalco-
holic extract of I. paraguariensis differentially modulates short- and
long-term learning and memory in rats probably through its
antagonistic action on adenosine receptors, which partly substanti-
ate the traditional use of mate tea for improvement of cognition84.
I. pubescens extracts decreased signiﬁcantly the number of escape
failures relative to the control and showed antidepressant effects85.
Mate tea, ardisia tea (Ardisia compressa) and green tea are
Dacheng Hao et al.16cytotoxic to HepG2 cells, with mate tea demonstrating dominant
cytotoxicity37. The cytotoxic activity and the inhibition of topoi-
somerase II may contribute to the overall chemopreventive activity
of mate tea and ardisia tea extracts. Mate and ardisia teas may be
used as chemopreventive agents.5. Chemotaxonomy of Ilex
I. paraguariensis is one of the most commercialized plants of
South America and grows naturally or in cultivation in
Argentina, Uruguay, Brazil and Paraguay, where other Ilex
species, such as I. brevicuspis, I. buxifolia, I. afﬁnis and Ilex
theezans, are also distributed. HPLC was used to distinguish
the adulterant species from I. paraguariensis79. Novel triterpe-
noid glycosides detected in I. buxifolia and I. afﬁnis conﬁrm
the structural speciﬁcity of the I. paraguariensis triterpenoids
and reinforce the proposal to detect mate adulteration by
triterpenoid analysis37. Arbutin-20-sulphonyl could be a dis-
criminating metabolite of I. theezans86. However, the meta-
bolic similarities between species which can be used for
chemotaxonomy of the species are not yet clear.
The metabolomic analysis of 11 Ilex species, I. argentina, Ilex
brasiliensis, I. brevicuspis, Ilex dumosa var. dumosa, I. dumosa var.
guaranina, Ilex integerrima, Ilex microdonta, I. paraguariensis var.
paraguariensis, Ilex pseudobuxus, Ilex taubertiana and I. theezans,
was carried out by nuclear magnetic resonance (NMR) spectro-
scopy and multivariate data analysis87. Ilex samples can be
discriminated by the principal component analysis (PCA) and
classiﬁcation of the 1H NMR spectra based on the phytochemicals
present in the organic and aqueous fractions. Notably, in the
classiﬁcation of metabolites obtained from aqueous fractions, no
species overlapped. The major metabolites that contribute to the
discrimination are arbutin, caffeine, phenylpropanoids (e.g., caffeic
acid, chlorogenic acid and dicaffeoylquinic acid) and theobromine.
For the ﬁrst time, arbutin is reported as an ingredient of Ilex
species, and is found to be a biomarker for I. argentina,
I. brasiliensis, I. brevicuspis, I. integerrima, I. microdonta, I. pseudo-
buxus, I. taubertiana and I. theezans. There is a clear discrimina-
tion between I. paraguariensis and other species. The method
based on the determination of multiple metabolites illustrates the
feasibility of chemotaxonomical analysis of Ilex species.
Numerous metabolites including saponins and phenylpro-
panoids have been reported from Ilex species. Based on the
above study, 1D (dimensional)- and 2D-NMR-based metabo-
lomics was used to classify 11 South American Ilex species5.
1H NMR combined with PCA, partial least square-
discriminant analysis (PLS-DA) and hierarchical cluster ana-
lysis (HCA) showed a clear separation between species and
resulted in four groups based on metabolomic similarities.
The signal congestion of 1H NMR spectra was overcome by
the implementation of 2D-J-resolved and heteronuclear single
quantum coherence. Species included in group A (I. paraguar-
iensis) were characterized by a higher amount of xanthines,
and phenolics including phenylpropanoids and ﬂavonoids;
group B (I. dumosa var. dumosa and I. dumosa var. guaranina)
with oleanane type saponins; group C (I. brasiliensis,
I. integerrima, I. pseudobuxus and I. theezans) with arbutin
and dicaffeoylquinic acids; and group D (I. argentina,
I. brevicuspis, I. microdonta and I. taubertiana) with the highest
level of ursane type saponins. The Ilex species used in this
study were grown in the same conditions after collecting theseeds from diverse places in South America. Thus, it is
expected that the metabolomic differences observed could
not be due to environmental factors such as climate, soil
condition or biotic stress but rather to the inherent character
of each species, i.e., their genetic composition. The above
ﬁndings agree with the molecular analysis of ampliﬁed frag-
ment length polymorphism (AFLP)6. For example, AFLP
results showed a very close relationship between I. brasiliensis,
I. integerrima and I. theezans, which was congruent to the
metabolomic analysis. However, the above studies did not include
East Asia species, especially the source plants of Kudingcha.
The band differences of esterase isoenzymes of 25 Kudingcha
germplasm materials in Aquifoliaceae, which involved ﬁve
species, I. kudingcha, I. latifolia, I. cornuta, I. pentagona and
I. huoshanensis, were analyzed by polyacrylamide gel electro-
phoresis88. The similarity coefﬁcients of the test samples were
calculated for a cluster dendrogoam. There were 18 bands of
esterase isoenzymes in all samples. Based on the band differ-
ences, the 25 germplasm materials could be distinguished at the
species level. The ﬁve Kudingcha species could be unmistakably
distinguished. I. latifolia is closer to I. pentagona than to I.
kudingcha, and I. cornuta is further to I. latifolia than to I.
kudingcha. Different germplasm materials from the same species
were clustered in line with their origins, which is congruent with
the morphology. The analysis results of the esterase isoenzymes
are useful references for the classiﬁcation of Kudingcha species,
and could be used to determine the origin of Kudingcha species.
The large-leaved Kudingcha from the genus Ilex, a tradi-
tional Chinese tea, contains several distinctive triterpenoid
saponins that can be useful in classiﬁcation and quality
control42. The reverse-phase ultra-performance liquid chro-
matography coupled with evaporative light scattering detec-
tion (UPLC–ELSD) is used to simultaneously determine ﬁve
triterpenoid saponins: kudinoside L (1), kudinoside C (2),
kudinoside A (3), kudinoside F (4) and kudinoside D (5) in
several species of the large-leaved Kudingcha and mate tea
(I. paraguariensis). UPLC separation took only 13 min with
low detection and quantiﬁcation limits, and can be used for
the quality control of large-leaved Kudingcha. The different
Ilex species showed differences in the distribution of the ﬁve
triterpenoids. I. kudingcha, the bona ﬁde species of large-leaved
Kudingcha, contains the maximum amount of triterpenoid
saponins. The chemical proﬁle of Ilex kaushue is almost
identical to that of I. kudingcha, thus supporting the view
that these two species are synonymous. The kudinosides (1–5)
are abundant in I. kudingcha of Hainan and Guangxi, China.
Compounds 2 and 3 are present in I. latifolia, while 1, 4 and 5
are not. Notably, none of the kudinosides were detected in I.
pentagona, I. cornuta and I. paraguariensis. Therefore, I.
pentagona and I. cornuta should be considered as adulterants
and removed from the large-leaved Kudingcha for tea quality
control and utilization. Actually I. cornuta is the raw plant of
Gougucha, another health-promoting tea consumed in south-
west China. I. kudingcha and I. paraguariensis are chemically
dissimilar although they both have a bitter taste and share
similar pharmaceutical effects.6. Conclusions
Mate tea and large-leaved Kudingcha are widely consumed
nonalcoholic beverages in South America and East Asia
Research progress of Ilex pharmaceutical resources 17respectively, and are gaining rapid popularity in the world
market, either as tea itself or as elements in formulated foods
or dietary supplements. Local people have used them for
centuries as a social and medicinal beverage. Mate is hypo-
cholesterolemic, hepatoprotective, a central nervous system
stimulant, diuretic, and is beneﬁcial to the cardiovascular
system and obesity management. Mate has a high antioxidant
capacity and is associated with both the prevention and the
cause of some types of cancers. Kudingcha and related
Chinese Ilex compounds regulate lipid metabolism, antagonize
cardiovascular diseases and exert antioxidant and anti-
inﬂammatory effects. Terpenoids/saponins and polyphenols/
ﬂavonoids extracted from Ilex plants have distinct pharmaco-
logical effects. Novel pharmacological effects of different
species and various constituents are being revealed. Both mate
and Kudingcha have gained public attention outside of their
traditional use region, and research on non-Camellia tea has
been expanding. This review presents the usage, chemistry,
biological activities, health effects and some taxonomical
considerations of Mate tea and Kudingcha. I. paraguariensis,
I. kudingcha and other Ilex plants have great potential as the
source of biological compounds for the nutraceutical and
pharmaceutical industry. To date, the regulation of Ilex
biological processes at the genomic level, epigenomic level,
transcriptional and post-transcriptional levels, and transla-
tional and post-translational levels is unknown, although such
knowledge is essential for the sustainable development and
utilization of Ilex medicinal and food resources. The integra-
tion of systems biology and ‘‘omics’’ techniques could drama-
tically enhance Ilex research and development.
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